Aldehyde dismutation catalyzed by pulmonary carbonyl reductase: kinetic studies of chloral hydrate metabolism to trichloroacetic acid and trichloroethanol.
The kinetics of the NAD(P)(+)-linked aldehyde dismutation by pulmonary carbonyl reductase of guinea pig were studied using a highly hydrated substrate, chloral hydrate (CH). The enzyme irreversibly converted the substrate into trichloroacetic acid (TCA) and trichloroethanol (TCE) in the presence of the reduced or oxidized cofactors, of which NAD(P)+ gave a higher reaction rate than did NAD(P)H, and the concentration ratios of the two products (TCA plus TCE) to CH utilized were 1:1. In the NAD(P)(+)-linked reaction TCA was the predominant product and its amount was compatible with that of TCE plus NAD(P)H produced, whereas in the NAD(P)H-linked reaction equal amounts of TCA and TCE were formed and the cofactor was little oxidized. These results suggest that the enzyme oxidized the hydrated aldehydes to TCA with NAD(P)+ as the cofactor and reduced the unhydrated aldehyde to TCE with NAD(P)H. The steady-state kinetic measurements in the NADP(+)-linked CH oxidation were consistent with an ordered Bi Bi mechanism which is the same as that for the secondary alcohol oxidation by the enzyme. The dehydrogenase activity was inhibited competitively with respect to CH by a secondary alcohol substrate, propan-2-ol. The CH and propan-2-ol dehydrogenase activities were similarly inactivated by 2,4,6-trinitrobenzene-sulfonate, and NADP(H), several cofactor analogs and a cofactor-competitive inhibitor, Cibacron blue dye, protected against the inactivation, which suggest that lysine residues are essential for catalysis.